From 1982 through 1987 we diagnosed 13 chronic Q lever cases. Clinically these patients presented a culture-negative endocarditis, and ail but two had high complement-fixing antibody titers to Coxiella burnetii phase I (reciprocal titer above 200). With the enzyme-linked immunosorbent assay (ELISA), titers of immunoglobulin G (IgG) to phases I and II of C. burnetii averaged 158,000 and 69,900, respectively, whereas they reached 300 and 3,200 in acute Q lever cases. Similarly, IgA to both phases of C. burnetii and IgM to phase I were consistently higher during chronic than acute Q lever. The serological follow-up of one patient with chronic Q lever over a 4-year period showed a good correlation between the titers of IgG and IgM antibody titers detected by ELISA and indirect fluorescent-antibody test (IFA) to both phases of C. burnetii. Few discrepancies appeared with IgA. Shortly after initiation of antibiotic treatment, a slow and steady decrease of the antibody titers to C. burnetii phases I and Il was observed. The complement fixation, IFA, and ELISA tests showed the same type of antibody response. The ELISA proved to be an excellent diagnostic test for chronic Q lever. It distinguished negative from positive reactions clearly, and results were highly reproducible. The reading is objective, and the test is simple to perform and more sensitive than the IFA and complement fixation tests. The ELISA is recommended for serologic evaluation of patients with chronic Q fever.
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Q fever caused by the obligate intracellular bacterium Coxiella burnetii is a worldwide zoonosis that affects a large variety of animals. In humans, most infections occur after inhalation of contaminated dust or aerosols generated by infected domestic animals, mainly sheep, goats, and cows (2) . Patients with acute Q fever experience an influenzalike illness of fever, headache, myalgia, and pneumonia, sometimes complicated with hepatitis or myopericarditis or both (4, 6) . Many years after the primary episode, a chronic form of the disease, endocarditis, may develop and present a life-threatening complication (9, 15) .
C. burnetii is unique among the rickettsiae in that it undergoes a host-dependent phase variation. The virulent phase I is isolated from nature, whereas the avirulent phase II occurs during serial passages in immunologically incompetent hosts such as eggs and cell cultures. This phase variation parallels the smooth-rough lipopolysaccharide variation of gram-negative members of the family Enterobacteriaceae (1). In most acute infections, only antibodies to phase II are produced. Detection of high antibody titers to both phases suggests a chronic infection. Classically, a reciprocal titer of equal to or greater than 200 to phase I of C. burnetii with the complement fixation (CF) test is considered diagnostic of chronic Q fever (15) .
The diagnosis of Q fever is based principally on serology; manifestations of both the primary and chronic illness do not allow a clinical diagnosis and isolation and identification of the causative agent are not routine laboratory procedures. Therefore, the -use of accurate and dependable serologic tests for the early diagnosis of Q fever (5, 11) 7.2). Positive and negative control sera were included in each test series. After incubation for 1 h at 37°C, the plates were washed and incubated for 3 h at room temperature after the addition of 0.1 ml of alkaline phosphatase-conjugated rabbit anti-human IgG (y-chain specific), IgM (,u-chain specific), or IgA (a-chain specific) (Orion, Finland) at the optimal dilution. The plates were washed again, and the enzyme-bound conjugate was made to react with paranitrophenylphosphate (Virion International). After 1 to 2 h of incubation at 37°C, the A405 was determined with the Virion reader (Virion International). The last positive dilution of the positive control serum was calibrated by computer to an optical density of 0.35 for each plate. This value served as the cutoff point.
IFA test. The IFA test was performed by the method of Philip et al. (13) and adapted to C. burnetii (purified phases I and II, strain Nine Mile; Rocky Mountain Laboratories, Hamilton, Mont.) as described elsewhere (11) . Serial twofold dilutions of sera were prepared in phosphate-buffered saline containing 1% normal yolk sac and fluorescein isothiocyanate-conjugated goat anti-human IgG (-y-chain specific), IgM (,u-chain specific) (Biomérieux, France), and IgA (achain specific) (Dakopatts, Denmark) were used as conjugates.
CF test. The micromethod was performed as described by the Centers for Disease Control, Atlanta, Ga. (8) , except that the starting serum dilution was 1: 10 and the sensitized erythrocyte concentration was 2.5%. The antigen C. burnetii phase I was strain Herzberg (Veterinaria AG); the antigen C. burnetii phase II was strain Nine Mile (Virion International). Serum, antigen, complement (Virion International), and hemolytic system (Boehring, Marburg, Germany) were prepared in Veronal buffer (Oxoid BR 16). The endpoint was defined as the highest dilution giving .75% fixation.
Rheumatoid factors. IgM-reactive sera were tested for rheumatoid factor with the tube test (Roche Diagnostica, Basel, Switzerland). IgM was separated from whole serum on a minicolumn filled with Bio-Gel A-SM (200-400 mesh) (Bio-Rad Laboratories GmbH, Glattbrugg, Switzerland) in accordance with the method described by Pyndiah et al. (14) .
The dilution factor was calculated as the IgM concentration ratio in the eluate and in whole serum. Immunoglobulin concentrations were determined by nephelometry on a Beckman ICS Analyzer Il (Beckman Instruments International, Geneva, Switzerland).
RESULTS
The ELISA of the first serum specimen from the 13 chronic Q fever patients revealed high IgG antibody titers to both phase I and Il C. burnetii (Fig. 1) . Titers (reciprocal values) averaged 158,000 (range, 6,400 to 819,200) and 69,900 (range 12,800 to 204,800) to phase I and II, respectively. IgM antibodies and rheumatoid factors were also present in all chronically ill patients. Average IgM titers of the original sera to phase I reached 5,200 and to phase II reached 3,200. Nine of the 13 chronic Q fever patients revealed IgA antibody to phase I or II or both with titers averaging 5,700 and 9,000 to phase I and II, respectively. The remaining four patients were negative for IgA at the time that the first serum sample was evaluated.
In the acute cases (Fig. 1) , the average IgG antibody titers were 300 (range, '100 to 3,200) to phase I and 3,200 (range '100 to 12,800) to phase II. The IgM titers to phase I averaged 130 and those to phase II averaged 3,200. IgA antibodies to phase I were never observed but were present in low titers to phase Il.
The serological follow-up of a single patient over a period of 4 years and 4 months permitted evaluation by ELISA, IFA, and CF tests of 30 serum samples. During this period, the patient underwent two heart valve replacements. One week prior to the first operation, a slight increase was recorded for IgG, IgM, and IgA to both phases of C. burnetii by ELISA (Fig. 2C ). With IFA (Fig. 2B) 
DISCUSSION
Chronic Q fever (Q fever endocarditis) in Switzerland is still underdiagnosed because few physicians are aware of this ailment, clinical signs are nonspecific, routine laboratory techniques do not allow culturing and identification of the causative agent, and the serologic diagnosis of this disease is usually performed against phase II C. burnetii-a test inadequate for the diagnosis of the chronic form of Q fever. With the development of more sensitive serologic tools such as ELISA and IFA, increased numbers of chronic Q fever cases have come to our attention.
In our present study, 2 of 13 chronic Q fever cases would not have met the classic criteria of Turck et al. (15) other hand, are far superior to the CF test in that they are capable of evaluating class-specific IgG, IgM, and IgA. Indeed, Peacock et al. (10) pointed out that the presence of high IgG and IgA titers to phase I of C. burnetii by IFA is diagnostic of Q fever endocarditis. In our hands, the presence of specific IgA to phase I or II or both, associated with elevated IgG titers to C. burnetii phase I and 11, is highly suggestive of a chronic infection. However, the absence of specific IgA does not exclude such a diagnosis when high IgG titers are found.
Acute and chronic Q fever cases are clearly distinguished by the ELISA, as they are by the IFA and CF tests when C. burnetii phase I antigen is used (3). All three immunoglobulins, G, M, and A, with the phase I antigen were always more elevated in chronic than in acute cases. In some chronic cases, reactions to phase II are higher but are of no differential diagnostic value, since similar antibody titers may be found in both clinical entities. Anti-phase I IgG levels appear to be the most important parameter for the diagnosis of chronic Q fever. The specificity of IgM in chronic Q fever might be a subject of controversy due to the presence of rheumatoid factors. However, the complete absorption of specific IgG, as checked in our ELISA at the lowest dilutions, did not significantly reduce the IgM response. So it must be admitted that there are some specific IgM antibodies, but their clinical significance is not known. IgA antibodies were detected in 9 of our 13 chronic Q fever cases in the first serum sample tested by ELISA. Comparatively, we detected IgA antibodies in all the chronic cases by IFA. In the four negative ELISA cases, a very weak fluorescent pattern was observed by IFA from the first to the last dilution. Such reactions were very difficult to interpret but could not be considered negative. This discrepancy between the ELISA and the IFA test may be related to the antigens used (strains, antigen purification), to the specificity of the conjugates, to the techniques (antigenic site presentation), or to the presence of high IgG titers, which would block more antigenic sites with ELISA than with IFA.
In general, the three tests have demonstrated similar antibody responses in the serological follow-up of a patient. Antibody titers to both phases of C. burnetii slowly decreased year by year. However, the ELISA exhibited a higher sensitivity than the IFA and CF tests. Three significant rises of antibody titers were detected. The first one appeared 6 months after the first heart valve replacement and the second in the period from February through May 1984. At this particular time, the patient complained of digestive trouble (diarrhea, vomiting) and asked for termination of antibiotherapy. The physicians changed antibiotics (from trimethoprim plus sulfamethoxazole and rifampin to doxycycline) for 1 month and then returned to the previous regimen. The third peak appeared from March through May 1985 without known clinical implication. These three events were objectively revealed by ELISA but not by IFA or CF. First, the reading is objective, which means greater precision, with a very high reproducibility of the antibody titer determination; second, it shows higher sensitivity, which leads to better serological follow-up of patients under treatment. It may prove extremely useful in detecting any recurrence of the disease when antibiotherapy is temporarily halted or terminated. Therefore, strict serological follow-up is highly recommended and should be applied to all patients suffering from chronic Q fever.
The ELISA is also applicable to the early diagnosis of acute Q fever. It demonstrates a sensitivity and specificity similar to those of the IFA test with the advantages and disadvantages cited above.
